Abstract The aim of this study was to investigate the relation of serum monocyte to serum HDL cholesterol ratio with obstructive sleep apnea syndrome (OSAS). A total of 336 patients who underwent polysomnography (PSG) were included in this study. The individuals with an apnea hypopnea index (AHI) \5/h were included in the study as controls while the patients with an AHI [ 5 and excessive daytime sleepiness were included in the study as OSAS patients. OSAS patients were compared with the control group for serum monocyte count, high density lipoprotein (HDL) levels, and monocyte to HDL ratio (MHR). Mild, moderate and severe OSAS subgroups were compared for the same parameters. Additionally, correlations of serum monocyte count, HDL level and MHR with other PSG parameters were analyzed. The mean MHR of control and OSAS groups were 12.90 ± 6.64 and 4.91 ± 6.98, respectively, and the difference was statistically significant (p = 0.041). Mean HDL level of the control group was 47.25 ± 13.61 mg/dL while it was 43.14 ± 13.61 mg/dL in OSAS group (p \ 0.001). Comparison of OSAS subgroups for MHR and HDL levels revealed statistically significant differences (p \ 0.001 and p = 0.020, respectively). MHR was higher in OSAS patients compared to the controls. MHR may be a new, useful predictor for OSAS.
Introduction
Obstructive sleep apnea syndrome (OSAS) is a clinical syndrome characterized by recurrent partial or total obstructions of the upper airway. The main symptoms are snoring, excessive daytime sleepiness, and witnessed apnea. OSAS is diagnosed using an overnight polysomnography (PSG) test. The diagnostic criteria for OSAS are an apnea hypopnea index (AHI) [5 on PSG and presence of symptoms; or an AHI [ 15 in case of an asymptomatic patient [1] . It is a common disorder, its prevalence has been estimated as 4 % in adult men and 2 % in adult women, and it causes significant morbidity and mortality in affected individuals [2] .
OSAS has been associated with increased risk for cardiovascular diseases including coronary artery disease (CAD) and cerebrovascular diseases. It is together with an abnormal lipid profile that leads to atherosclerosis and CAD. In association with the severity of OSAS, triglyceride, total cholesterol, and low density lipoprotein (LDL) levels increase while HDL level decreases [3] . Atherosclerosis leading to CAD occurs via an inflammatory process [4] . In CAD, counts of leukocyte and leukocyte subgroups (neutrophil, lymphocyte, monocyte, eosinophil) increase, and this is associated with a poor prognosis [5] . Monocyte is responsible for vascular endothelial damage in pathogenesis of atherosclerosis. Monocytes transform to macrophages by phagocytizing lipids, and secrete metalloproteinases such as elastase and collagenase leading to atherosclerosis [6, 7] . A relation between a low HDL level and a high monocyte count was described previously. It was reported that a high monocyte to HDL ratio (MHR) was a risk factor in cardiovascular diseases [8] .
The aim of this study was to investigate correlation of MHR, which is an easily available and relatively cheap test, with OSAS and severity of OSAS.
Methods

The Study Population
This study was performed in Ankara Numune Education and Research Hospital, Department of Otorhinolaryngology between January 2013 and January 2015. Ankara Numune Education and Research Hospital's local ethics committee approved the study protocol.
A total of 336 patients that underwent overnight PSG due to complaints of witnessed apnea, excessive daytime sleepiness and snoring were included in the study. First, the patients were divided into two groups. The ones with an AHI \ 5 was considered as the control group while the patients with an AHI [ 5 with OSA symptoms were considered as the OSAS group. Subsequently, the OSAS group was divided into three subgroups according to the severity OSAS: the patients with an AHI of 5-15 were considered as mild OSAS subgroup, the patients with an AHI of 15-30 were considered as moderate OSAS subgroup, and the patients with an AHI [ 30 were considered as severe OSAS subgroup. In the morning of PSG, venous blood samples of the patients were obtained after a fasting period of 12 h, and triglyceride, cholesterol, LDL, HDL levels; and leukocyte, neutrophil, lymphocyte, monocyte counts determined with Sysmex WE-2100 America device. MHR was calculated by dividing the monocyte count to HDL level.
The patients with cardiovascular diseases, chronic lung disease, chronic liver disease, acute infection, malignancies, and on medicines that could impair lipid profile (e.g. lipid-lowering medicines, steroids) were excluded from the study. The patients in OSAS and control groups were compared for triglyceride, cholesterol, LDL, HDL levels; leukocyte, neutrophil, lymphocyte, monocyte counts, and MHR. Furthermore, mild, moderate, and severe OSAS subgroups were compared with the control group for the same parameters. Triglyceride, cholesterol, LDL, HDL levels; leukocyte, neutrophil, lymphocyte, monocyte counts, and MHR were separately compared with AHI, REM AHI, non-REM AHI, minimum oxygen saturation, the time of sleep under 90 % oxygen saturation in OSAS patients.
Polysomnography
All patients underwent a full-night PSG study during their spontaneous sleep in Ankara Numune Education and Research Hospital's Sleep Center. All PSGs were performed using Alice 5 PSG device, in a single room, under the supervision of a sleep technician. Video and audio recordings were obtained for entire PSG. PSG channels included four electroencephalogram (EEG), submental and left and right tibialis electromyogram (EMG), two electrooculogram (EOG; right and left), and two electrocardiography (ECG) channels. Body position, respiratory monitoring with nasal airflow were also recorded. Oxygen saturation was obtained with a pulse oximeter, and respiratory effort was recorded with chest and abdomen belts.
Statistical Analysis
Statistical analysis was carried out using SPSS program, version 21.0 (SPSS Inc., Chicago, IL, USA). Continuous data were presented as mean ± standard deviation (SD). Categorical variables were presented as percentages. Continuous variables with a normal distribution was analyzed with Student t test while Mann-Whitney U test was used for normally distributed variables. Pearson's method was used for correlation analysis. Kruskal-Wallis test was used to compare the differences between the groups. A p values \0.05 was considered as statistically significant.
Results
The PSG results of 336 patients showed that 58 individuals did not have OSAS (control group), and 278 patients had OSAS (OSAS group). The control group with normal AHI consisted of 32 males (55.1 %) and 26 females (44.9 %). OSAS group consisted of 198 (71.2 %) males, and 80 females (28.8 %). The mean age of control group was 46.47 ± 9.23 years while it was 48.67 ± 9.48 years in the OSAS group. Body mass index (BMI) in control and OSAS groups were calculated as 27.74 ± 4.08 and 30.55 ± 4.22 kg/m 2 , respectively ( Table 1) .
The triglyceride levels were significantly different between control and OSAS groups (p \ 0.001). Although total cholesterol and LDL levels were different between OSAS and control groups, those differences did not reach statistical significance (p = 0.617 and p = 0.786, respectively). There was a significant difference between OSAS and control groups for HDL levels, and the mean HDL levels were 43.14 ± 13.61 mg/dL and 47.25 ± 13.61 mg/ dL in those groups, respectively. OSAS and control groups showed significant differences for mean leukocyte (p = 0.007) and lymphocyte (p = 0.026) counts. The neutrophil counts were also different in OSAS and control groups, but the difference was not statistically significant (p = 0.083). The mean monocyte count was 598.04 ± 189. 16 10 3 /lL in OSAS group, and 556.03 ± 196.60 10 3 /lL in the control group, without any significant difference in between (p = 0.140). MHR of control group was 12.90 ± 6.64 while it was 14.91 ± 6.98 in OSAS group, and the difference between the groups was statistically significant (p = 0.041; Table 2 ).
The comparison of the controls with mild, moderate and severe OSAS groups showed significant differences for triglyceride, cholesterol, LDL, HDL levels; leukocyte, lymphocyte, monocyte counts and MHR, however the difference for neutrophil count was not significant (Table 3 ). There was a significant difference between the controls and severe OSAS subgroup, and between mild and severe OSAS subgroups for HDL (p = 0.004 and 0.031, respectively). There were significant differences for monocyte counts between controls and moderate OSAS subgroup, controls and severe OSAS subgroup, mild and severe OSAS subgroups (p = 0.018, p = 0.046, p \ 0.001, respectively). MHR showed significant differences between controls and moderate OSAS subgroup, between controls and severe OSAS subgroup, between mild and moderate OSAS subgroups, and between mild and severe OSAS subgroups (p = 0.024, p = 0.008, p = 0.008, and p = 0.001, respectively; Table 4 ). The monocyte count significantly increased as AHI and non-REM AHI increased (p = 0.012 and p = 0.010, respectively). High AHI, high REM AHI, and high non-REM AHI as well as reduced minimum oxygen saturation were significantly correlated with low HDL (p = 0.001, p \ 0.001, p = 0.001, and p = 0.003, respectively). REM AHI, non-REM AHI, and the time under 90 % oxygen saturation and reduced minimum oxygen concentration correlated significantly with a high MHR (p = 0.004, p = 0.004, p = 0.004, p = 0.010, and p = 0.024, respectively; Table 5 ).
Discussion
Repetitive episodes of nocturnal apnea in OSAS patients cause sympathetic system activation, increased oxidative stress, sudden increase in systemic hypertension, hypoxia, and hypercapnia [9] . Hypertension, diabetes, CAD, and congestive heart failure are frequently associated with OSAS, all of which also implicated in the pathophysiology of endothelial dysfunction [10] .
Endothelial dysfunction along with increased sympathetic system activation due to hypoxia contributes to vascular complications [4] . High LDL and low HDL concentrations are strong risk factors for CAD [11] . The association between OSAS and dyslipidemia is defined by chronic intermittent hypoxia corresponding the generation of stearoyl-coenzyme A desaturase-1 and reactive oxygen species, peroxidation of lipids, and sympathetic system activation [12] . In a recent study, Ozol et al. showed a lower dyslipidemic profile in moderate OSAS patients when compared to the control group. The study concluded this higher dyslipidemic profile in the control group was associated with increased insulin resistance. Furthermore, they demonstrated that mild and severe OSAS patients had worse dyslipidemic profiles [13] . In our study, LDL levels showed statistically significant differences among all groups, however there was no relationship between LDL level and severity of OSAS. HDL levels showed significant differences among all groups, and remarkably decreased in accordance with severity of OSAS. It is evident that CPAP treatment has beneficial effects on dyslipidemia, atherosclerosis and cardiovascular diseases in OSAS patients [14] . CAD is one of the most frequently seen cardiovascular diseases induced by atherosclerosis [15] . Inflammation has an important role in CAD formation. Inflammatory cells like monocytes, lymphocytes, eosinophils, and neutrophils increase in CAD [16] . Prentice et al. [17] showed that the patients with CAD had higher monocyte, neutrophil and eosinophil counts when compared to the ones without CAD, and they correlated this findings with a high risk status. Similarly, inflammation has a critical role in the etiopathogenesis of OSAS. Intermittent hypoxia initiates the inflammatory process, and inflammation activates proinflammatory cytokines and adhesion molecules in OSAS. Oxidizing radicals and proteolytic enzymes accumulate leukocytes and thrombocytes on blood vessel walls, leading to endothelial dysfunction that comprises atherosclerosis [18] . In a recent study, Tamaki et al. [19] demonstrated that monocyte counts were higher in OSAS patients compared to the control group. In our study, we found that moderate and severe OSAS patients had significantly higher monocyte counts compared to the control group. Monocyte count increases as the severity of OSAS increases, and it may be considered as a marker for predicting OSAS severity. HDL and its major component apolipoprotein A-1 that inhibits the activation of CD11b, which has an anti-inflammatory effect on human monocytes [20] . The reduced HDL levels promote monocyte activation, and consequently increase the risk for atherosclerosis. MHR, which is an easily available and relatively cheap test, can be used as a new predictor for OSAS. Kanbay et al. [21] showed that high MHR was associated with adverse cardiovascular outcomes, and it may be useful for following up cardiovascular disease. In the present study, MHR was found significantly higher in moderate and severe OSAS subgroups when compared to the control group, however mild OSAS subgroup resembles the control group for this parameter. Moreover, MHR significantly increased as AHI, REM-AHI, non-REM AHI, and time under 90 % saturation increased, and minimum oxygen concentration decreased. In OSAS patients, MHR increased as the severity of disease increased.
To conclude, MHR was significantly higher in moderate and severe OSAS patients. We found that MHR increased as OSAS severity, which is defined by PSG, increased. MHR can be used as a new predictor for OSAS. Further longitudinal studies on larger patient populations are needed to determine whether alterations in MHR could be predictive for OSAS severity.
